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'NASA TT F- 10,353 

OLFACTORY DISTURBANCES I N  MAN FOLLOWING 
EXPOSURE TO RADIATION 

L. B. Koznova 

AB ST RACT 

Disrupt ions  i n  o l f a c t i o n  have been s tud ied  based on 
t h e  obse rva t ion  of t he  genera l  r e a c t i o n  of t h e  human organ- 
i s m  subjec ted  t o  X-ray r a d i a t i o n  i n  connect ion mammary 
gland tumors. Changes i n  t h e  o l f a c t o r y  ana lyze r  were re- 
corded by means of t he  Frolov-Amirov o l fac tometer .  Addi- 
t i o n a l  experiments were conducted w i t h  p a t i e n t s  who were 
g iven  c a f f e i n e  t o  accen tua te  the s e n s i t i v i t y  of t h e i r  o l -  
f a c t o r y  ana lyzer .  The r e su l t s  of t h e  i n v e s t i g a t i o n s  cor- 
r e l a t e d  w i t h  t h e  complaints of p a t i e n t s  subjec ted  t o  r ad ia -  
t i o n  who experienced o l f a c t o r y  d i s tu rbances  have convinced 
t h e  au tho r  t h a t  such d i s tu rbances  invo lve  changes i n  the  
c e n t r a l  nervous system and do not r ep resen t  t r u e  hyperosmia 
s i n c e  t h e  s u b j e c t i v e  accentua t ion  of . o l f a c t i o n  dur ing  r ad i -  
a t i o n  t rea tment  i s  not  accompanied by a decrease  i n  t h e  
th re sho lds  of o l f a c t i o n .  

W r l r  

The q u e s t i o n  of d i s r u p t i o n s  i n  o l f a c t i o n  dur ing  r a d i a t i o n  s i ckness  /26* 
has  been s t u d i e d  l i t t l e  al though t h i s  dist@bance i s  f r equen t ly  observed. In-  
d i c a t i o n s  of o l f a c t o r y  d i s tu rbances  i n  man under cond i t ions  of r a d i a t i o n . w h i c h  
have been r epor t ed  i n  t h e  l i t e r a t u r e  p e r t a i n  both t o  p r o f e s s i o n a l  r a d i a t i o n  
s i c k n e s s  ( r e f s .  5,  6 )  a s  w e l l  as t o  r a d i a t i o n  s i ckness  which occurs  as a r e s u l t  
of t h e  t h e r a p e u t i c  a p p l i c a t i o n  of i on iz ing  r a d i a t i o n  ( r e f s .  4 ,  9) .  However, w e  
have n o t  found r e p o r t s  on o b j e c t i v e l y  recorded changes i n  t h e  o l f a c t o r y  analy-  
z e r  du r ing  r a d i a t i o n  therapy.  

O l fac to ry  d i s r u p t i o n s  dur ing  r a d i a t i o n  pathology have been noted i n  exper- 
iments.  The obse rva t ions  made by I. A. P iga lev  ( r e f .  7)  on dogs which have 
been poisoned wi th  r a d i o a c t i v e  substances have made it poss ib l e  f o r  t he  au tho r  
t o  s ta te  t h a t  t h e s e  animals  have a lowered o r i e n t a t i o n  r e f l e x  t o  t h e  s m e l l  of 
food. 

* 
Numbers g iven  i n  margin i n d i c a t e  paginat ion i n  o r i g i n a l  f o r e i g n  tex t .  
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D is rupt ions  i n  t h e  o l f a c t o r y  analyzer  which t ake  p l ace  under t h e  i n f l u e n c e  
of r a d i a t i o n  are  a l s o  confirmed by morphological i n v e s t i g a t i o n s .  Hicks.and 
Montgomery r e f e r  t o  i n d i v i d u a l  n e c r o s i s  of c e l l s  , i n  t h e  g ranu la r  l a y e r  of t h e  
o l f a c t o r y  bulbs  f o r  m i c e  and ra t s  which have been subjec ted  t o  r a d i a t i o n  i n  
doses  g r e a t e r  than  1200 R. 

Olfac tory  d i s tu rbances  dur ing  r a d i a t i o n  s i ckness  caused by t h e  the ra -  /27 
p e u t i c  a p p l i c a t i o n  of pene t r a t ing  r a d i a t i o n  a r e  manifested by the  accen tua t ion  
of o l f a c t o r y  s e n s a t i o n s  and t h e  occurrence of o l f a c t o r y  h a l l u c i n a t i o n s .  For  
example, from t h e  complaints 'of p a t i e n t s  w e  l e a r n  t h a t  smells which were 
ple,sant i n  the  p a s t  produce nausea.  Al so ,  smells which were not  no t i ced  be- 
f o r e  become unplssant  ("the typographic  i n k  of a newly rece ived  magazine has  
a bad s m e l l , "  " i n  t h e  garden t h e  trees smell of bed bugs"). A p a t i e n t  who has  
smoked f o r  many y e a r s  wi thout  f i n d i n g  the s m e l l  of tobacco t o  be o b j e c t i o n a b l e  
now f i n d s  i t  i r r i t a t i n g .  E i t h e r  a l l  odors o r  s p e c i f i c  ones become ob jec t ionab le .  
D i s rup t ions  i n  t h e  i d e n t i f i c a t i o n  of odor sensa t ions  a re  a l s o  encountered. 
Mint odor,  f o r  example, i s  perceived as the  odor of r o t t e n  eggs o r  t h e  odor of 
p i t c h .  

0 
U 

I n  desc r ib ing  o l f a c t o r y  h a l l u c i n a t i o n s  w e  wish t o  poin t  out  t h a t  h a l l u c i n a -  
t i o n  odors  descr ibed  by p a t i e n t s  subjected t o  r a d i a t i o n  are usua l ly  unpleasant :  
they  imagine t h e  " s m e l l  of corpses ,"  t he  " s m e l l  of burning rubber ,  burning 
h a i r  o r  e lectr ical  devices ,"  the " s m e l l  of m e t a l "  and t h e  " s m e l l  of gun 
powder." I n  s p e c i f i c  cases t h e  p a t i e n t s  even i n d i c a t e  t h e  l o c a t i o n  of t h e  
h a l l u c i n a t i o n  s m e l l .  Thus the  " s m e l l  of metal" accord ing  t o  a p a t i e n t  i s  f e l t  
i n  t h e  t h r o a t .  

I n  a series of c a s e s . i r r a d i a t e d  p a t i e n t s  a re  pursued by unique odors  which 
they  a re  unable  t o  desc r ibe .  

Hal luc ina tory  sme l l s  t r o u b l e  t h e  p a t i e n t s  a t  home, on t h e  street  and 
p a r t i c u l a r l y  on t h e  p r e m i s e s  of t h e  c l i n i c  where they were subjec ted  t o  r ad ia -  
t i o n  and even when they approach the  c l i n i c  bui ld ing .  

Many p a t i e n t s  e n t e r  t h i s  bu i ld ing  covering t h e i r  nose wi th  a handkerchief  
because i f  they  i n h a l e  t h e  a i r  of t he  bui ld ing  they g e t  an  a c u t e  a t t a c k  of 
nausea and f e e l  l i k e  vomiting. 

The p resen t  i n v e s t i g a t i o n  i s  based on t h e  obse rva t ions  of t h e  gene ra l  
r e a c t i o n  of  the human organism subjec ted  t o  r a d i a t i o n  e i t h e r  f o r  t h e  purpose 
of prophylaxis  a f t e r  t h e  removal of mammary g l a n b d u e  t o  tumors (21 people) or 
d u r i n g  t h e  per iod  be fo re  surgery  due t o  l imi t ed  tumors i n  t h e  mammary g lands  
(5 people) .  The p a t i e n t s  were of d i f f e r e n t  ages  which v a r i e d  from 31 t o  63.  
The p a t i e n t s  were sub jec t ed  t o  X-ray r ad ia t ion .  

I r r a d i a t i o n  was c a r r i e d  out under the fo l lowing  cond i t ions :  RUM-3 equip- 
ment, v o l t a g e  of 180 kV, cur ren t  of 15 mA, f i l t e r  c o n s i s t i n g  of 0.5 mm Cu and 
1 mm A l ,  sk in- focus  d i s t a n c e  of 30 cm, f i e l d  of r a d i a t i o n  wi th  dimensions of 
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6 X 8 and 10 X 15 cm. The r a d i a t i o n  dose power w a s  v a r i e d  from 46 R/min t o  
62 R/min. 

The l e f t  o r  r i g h t  s i d e  of t h e  thorax f r o n t  w a s  sub jec t ed  t o  r a d i a t i o n .  Six 
r a d i a t i o n  f i e l d s  were used: two f i e l d s  i n  t h e  reg ion  of t h e  pos t -opera t ion  s c a r  
( i n  t h e  case of i r r a d i a t i o n  before  the  opera t ion- - the  i n n e r  o r  o u t e r  quadrants  
of t h e  mammary glands)  t h e  zones above and below t h e  c l a v i c l e ,  t h e  r eg ion  of t h e  
sternum, and the  reg ion  of t h e  a x i l l a .  

The s i n g l e  r a d i a t i o n  dose f o r  each f i e l d  w a s  250 R, wh i l e  t h e  t o t a l  dose 
was 1250 R. The o v e r a l l  dose f o r  a l l  of t h e  f i e l d s  w a s  7200 R. Each day two 
of t h e  s ix  f i e l d s  were subjec ted  t o  r a d i a t i o n  so t h a t  t h e  d a i l y  r a d i a t i o n  dose 
w a s  500 o r  400 R. When s i n g l e  dosages of 200 R were used, t o t a l  dose was 7200 R.  

The record ing  of changes i n  t h e  o l f a c t o r y  ana lyze r  w a s  accomplished by 
means of t h e  0 - 4  ol fac tometer  designed by Frolov-Amirov. The device  i s  based 
on supply ing  odorous substance i n t o  a continuous a i r  stream. The stream of 
a i r  comes from a blower and i s  fed  t o  the t e s t , s u b j e c t  by connect ing tubes  
through t h e  device.  The odorous substance e n t e r s  t h e  stream by a i r  s u c t i o n  
from t h e  vessel conta in ing  mint o i l .  
s e c t i o n  of t h e  tube  which i s  compressed wi th  a p r e c i s i o n  micrometer. The s l i t  
i n  the  tube  can be v a r i e d  a t  w i l l  by means of t h e  micrometer and can be made 
l a r g e r  o r  smaller wi th  an  accuracy up t o  0 .01  mm, thereby providing f o r  t he  
meter ing  of t h e  odorous substance.  

I n  t h e  process  i t  passes through a rubber  

During o l f a c t o m e t r i c  i n v e s t i g a t i o n s  we  produced a d e f i n i t e  t h re sho ld  /28 
of o l f a c t i o n ,  t h e  r eco rd ing .o f  t h e  l a t e n t  per iod  and t i m e  of fo l lowing  r e a c t i o n  
and t h e  de te rmina t ion  of t i m e  f o r  t h e  onset  of adap ta t ion  t o  t h e  odor.  

O l fac tomet r i c  i n v e s t i g a t i o n s  were performed dur ing  a per iod of 2-4 days 
be fo re  t h e  beginning of i r r a d i a t i o n  and then  be fo re  each conducted i r r a d i a t i o n  
throughout  t h e  e n t i r e  course  of X-ray therapy.  

I n  a series of cases  o l f a c t o m e t r i c  obse rva t ions  were continued a f t e r  com- 
p l e t i o n  of t h e  r a d i a t i o n  course  u n t i l  the  th re sho ld  i n d i c a t o r s  of o l f a c t i o n  
were normalized. 

Before proceeding w i t h  t h e  study of changes occur ing  i n  t h e  o l f a c t o r y  
ana lyze r  under t h e  i n f l u e n c e  of r a d i a t i o n  we performed s i n g l e  Control  i n v e s t i g a -  
t i o n s  of 76 people.  

These d a t a  permi t ted  us  t o  e s t a b l i s h  t h e  p o s s i b l e  v a r i a t i o n s  i n  t h e  o l f a c t o r y  
A s u b s t a n t i a l  spread i n  t h e  o l f a c t i o n  th re sho ld  a n a l y z e r  s e n s i t i v i t y  i n  t h e  norm. 

w a s  e s t a b l i s h e d  f o r  t h e  v a r i o u s  tes t  sub jec t s .  This  spread w a s  w i t h i n  t h e  
l i m i t s  of t he  22 d i v i s i o n  of t h e  micrometer s c a l e  which, according t o  ou r  
measurements, corresponded t o  a concent ra t ion  from 5 X t o  200 X 
grams p e r  l i t e r  of a i r .  * 
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Having thus  become acquainted w i t h  the  p o s s i b l e  v a r i a t i o n s  i n  the  degree  
of o l f a c t o r y  ana lyze r  s e n s i t i v i t y  i n  the  norm w e  proceeded w i t h  t h e  s tudy  of 
p o s s i b l e  phys io logica l  v a r i a t i o n s  i n  t h e  o l f a c t i o n  th re sho ld ,  under dynamic 
cond i t ions ,  of f i v e  people who were not  given r a d i a t i o n  t rea tment .  Tests  were 
conducted d a i l y  f o r  a per iod  of 21-29 days and p e r i o d i c a l l y  wi th  d i f f e r e n t  t i m e  
i n t e r v a l s  (from 15 days t o  4-10 months). The phys io log ica l  o s c i l l a t i o n s  i n  t h e  
o l f a c t i o n  th re sho ld  took p l ace  w i t h i n  i n s i g n i f i c a n t  l i m i t s  (1-2 d i v i s i o n s  of 
t h e  micrometer s c a l e ) .  

We performed 720 o l f a c t o m e t r i c  examinations t o  e v a l u a t e  the  degree of 
o l f a c t o r y  ana lyze r  s e n s i t i v i t y  both i n  the  norm and under cond i t ions  of reac-  
t i o n  t o  r a d i a t i o n .  

The p a t i e n t s  were d iv ided  i n t o  groups according t o  t h e  degree  of o l f a c t o r y  
ana lyze r  s e n s i t i v i t y  i n  the  i n i t i a l  s t a t e  (before  exposure t o  r a d i a t i o n ) .  

The f i r s t  group contained 8 persons wi th  a low i n i t i a l  o l f a c t i o n  threshold ,  
i . e . ,  w i th  a high o l f a c t o r y  ana lyze r  s e n s i t i v i t y .  The i n i t i a l  o l f a c t i o n  th re sho ld  
of t e s t  s u b j e c t s  i n  t h i s  group measures 4.77 t o  4.85 on t h e  r e l a t i v e  s c a l e  of t h e  

micrometer which i n  abso lu te  u n i t s  of concent ra t ion  i s  6 X 10 t o  26 X 10 grams 
p e r  l i t e r  of a i r .  
t i o n  th re sho ld  measuring from 4.86 t o  4.92 on the  r e l a t i v e  micrometer scale, which 

-8 -8 

The second group contained 12 persons w i t h  a h igh  i n i t i a l  o l f a c -  

corresponds from 40 X t o  100 x grams p e r  l i t e r  of a i r  i n  a b s o l u t e  u n i t s  
( t h e  average s e n s i t i v i t y  of t h e  o l f a c t o r y  ana lyze r ) .  
s ix  persons w i t h  a h igh  i n i t i a l  o l f a c t i o n  th re sho ld ,  i . e . ,  w i t h  a low i n i t i a l  
o l f a c t o r y  ana lyze r  s e n s i t i v i t y .  I n  terms of t h e  r e l a t i v e  u n i t s  t h e  o l f a c t i o n  
t h r e s h o l d  v a r i e d  from 4.93 t o  4.96 d i v i s i o n s  of t h e  micrometer scale which cor- 

responds from 118 X 

The t h i r d  group contained 

t o  200 X lom8 grams pe r  l i t e r  of a i r  i n  a b s o l u t e  u n i t s .  

A clear r e l a t i o n s h i p  w a s  e s t a b l i s h e d  between t h e  v a r i a t i o n  i n  t h e  s e n s i t i v i t y  
of t h e  o l f a c t o r y  a n a l y z e r  and i t s  func t iona l  s t a t e  before  t h e  beginning of i r r a d i a -  
t i o n .  Thus, when t h e  i n i t i a l  s e n s i t i v i t y  of t h e  o l f a c t o r y  ana lyze r  w a s  high,  t h e  
e f f e c t  of r a d i a t i o n  w a s  t o  produce a s u b s t a n t i a l  rise i n  t h e  o l f a c t i o n  th re sho lds .  
When t h e  i n i t i a l  s e n s i t i v i t y  of t h e  o l f a c t o r y  ana lyzer  w a s  of t he  average va lue  
t h e r e  w a s  a pronounced i n s t a b i l i t y  i n  the  va lues  of t h e  th re sho ld  i n d i c a t o r s  
dur ing  t h e  r a d i a t i o n  process .  

F i n a l l y ,  when the  i n i t i a l  ana lyzer  s e n s i t i v i t y  w a s  low, t h e  a c t i o n  of /29 
r a d i a t i o n  produced almost no change i n  Sts l e v e l  ( f i g .  1). 

I n  most of t h e  observa t ions  t h e  time r equ i r ed  f o r  t he  o l f a c t o r y  organ t o  
adap t  i t s e l f  t o  t he  s m e l l  of mint decreased under the  in f luence  of r a d i a t i o n .  
The l a t e n t  per iod  and t i m e  of t he  fol lowing r e a c t i o n  va r i ed  i n  a d i f f e r e n t  
manner. All t h e  observed p a t i e n t s  except one exh ib i t ed  a gene ra l  r e a c t i o n  of 
t h e  organism t o  t h e  r a d i a t i o n  t rea tment ,  but  t h e  ex ten t  of i t s  man i fe s t a t ion  
v a r i e d .  
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Figure  1. The na tu re  of v a r i a t i o n  i n  t h e  a c t i v i t y  
of t h e  o l f a c t o r y  ana lyzer  dur ing  i r r a d i a t i o n  a s  a 
f u n c t i o n  of t h e  va lue  of o l f a c t i o n  th re sho ld  be fo re  
t h e  beginning of r a d i a t i o n .  The f i g u r e  shows t h e  
olfactogram c h a r a c t e r i s t i c s  f o r  t h r e e  p a t i e n t s  
taken from each of t h e  t h r e e  d i f f e r e n t  groups. 
1, p a t i e n t  P. ( f i r s t  group);  2 ,  p a t i e n t  K (second 
group);  3 ,  p a t i e n t  C ( t h i r d  group).  

The n a t u r e  of t h e  d i s r u p t i o n s  i n  the a c t i v i t y  of t h e  o l f a c t o r y  ana lyze r  
du r ing  r a d i a t i o n  which w e  e s t a b l i s h e d  was c l a r i f i e d  by c e r t a i n  a d d i t i o n a l  
i n v e s t i g a t i o n s .  

I n  i n v e s t i g a t i o n s  w i t h  t h e  a p p l i c a t i o n  of c a f f e i n e  loading ( f i v e  persons 
were examined 30 minutes a f t e r  they were g iven  c a f f e i n e  i n  t h e  form of a 0.2 
gram dose of benzoin-sodium s a l t ) ,  an inc rease  i n  t h e  s e n s i t i v i t y  of t h e  analy-  
z e r  i s  ‘observed (a lowering of t h e  threshold  and an inc rease  i n  the  t i m e  re -  
q u i r e d  f o r  a d a p t a t i o n  t o  occur) .  Af t e r  t h e  a p p l i c a t i o n  of l a r g e  t o t a l  doses  of 
r a d i a t i o n  t h i s  e f f e c t  becomes l e s s  pronounced ( f i g .  2 ) .  This  s i t u a t i o n  may be 
expla ined  by t h e  f a c t  t h a t  r a d i a t i o n  decreases  t h e  f u n c t i o n a l  a c t i v i t y  of t h e  
c e n t r a l  nervous system (it lowers the  e f f i c i e n c y  l i m i t  of c o r t i c a l  c e n t e r s ) .  

P a r a l l e l  examinations of t h r e e  p a t i e n t s  by the  o l f a c t o m e t r i c  and e l e c t r o -  
encephalographic  methods c a r r i e d  out by us  i n  c o l l a b o r a t i o n  w i t h  N.G. Darenskaya 
pe rmi t s  u s  t o  speak w i t h  g r e a t e r  confidence concerning t h e  c e n t r a l  n a t u r e  of 
d i s r u p t i o n s  a s s o c i a t e d  wi th  t h e  a c t i v i t y  a f  t h e  o l f a c t o  y ana lyze r  under t h e  
i n f l u e n c e  of r a d i a t i o n .  Var ia t ions  i n  the olfactogrambin the  EEG have t h e  same 
n a t u r 5  p o i n t i n g  t o  t h e  lowering of t h e  func t iona l  a c t i v i t y  of t h e  c e n t r a l  
nervous system (CNS) .  A decrease  i n  the  s e n s i t i v i t y  of t h e  o l f a c t o r y  ana lyze r  
t a k e s  p l a c e  on t h e  background of a deepening depress ion  of t h e  b r a i n  b iocur ren t s .  

4 

The c e n t r a l  n a t u r e  of d i s r u p t i o n s  i n  t h e  a c t i v i t y  of t h e  o l f a c t o r y  ana lyze r  
d u r i n g  i r r a d i a t i o n  i s  a l s o  confirmed by t h e  complaints  of p a t i e n t s  regard ing  t h e  
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Figure  2 .  The lowering of o l f a c t i o n  th re sho ld  t o  the  
s m e l l  of mint o i l  a f t e r  t ak ing  c a f f e i n e  (shown w i t h  a 
broken arrow) i n  p a t i e n t  B. Examination 30 minutes 
a f t e r  adminis te r ing  c a f f e i n e  and a dose of 0.2 R. 

d i s r u p t i o n  of t h e i r  o l f a c t i o n .  Thus the  occurrence of o l f a c t o r y  ha l luc ina -  
t i o n s  can be expla ined  by the  development of phase s t a t e s  of t h e  b r a i n  co r t ex  
pe,culiar t o  r a d i a t i o n  s i ckness  and produced by the  a c t i o n  of i o n i z i n g  r ad ia -  
t i o n s  on t h e  organism. 

The d i s t o r t i o n  of t h e  o l f a c t o r y  sensa t ions  i n  p a t i e n t s  subjec ted  t o  r ad ia -  
t i o n  may be r e f e r r e d  t o  v a r i a n t s  of q u a l i t a t i v e  d i s r u p t i o n s  of t he  o l f a c t o r y  
ana lyze r  a c t i v i t y  which are def ined  by the  t e r m  "paraosmia." 

The accen tua t ion  of o l f a c t i o n  should not  be looked upon as a t r u e  
hyperosmia descr ibed  by L.G. Chlenov but as an  o l f a c t o r y  hyperpa th ia .  
t h a t  t h e  accen tua t ion  of o l f a c t i o n  i n  our p a t i e n t s  i s  not a t r u e  hyperosmia i s  
i n d i c a t e d  by t h e  absence o f . t h e  lowering of o l f a c t i o n  th re sho lds  dur ing  com- 
p l a i n t s  concerning t h e  accen tua t ion  of o l f a c t o r y  sensa t ions .  

- / 3 0  
The f a c t  

Thus du r ing  r a d i a t i o n  s i ckness  the re  a r e  complaints concerning o l f a c t o r y  
d i s r u p t i o n s  which i n d i c a t e  t h a t  t h e r e  i s  damage t o  t h e  c o r t e x  o l f a c t o r y  c e n t e r s  
and pa ths .  

Conclusions 

1. People  sub jec t ed  t o  t h e  a c t i o n  of r a d i a t i o n  undergo a d i s r u p t i o n  of 
t h e  o l f a c t o r y  ana lyze r  a c t i v i t y .  
compla in ts  concerning t h e  accen tua t ion  and d i s t o r t i o n  of o l f a c t i o n  and t h e  
occurrence  of o l f a c t o r y  h a l l u c i n a t i o n s .  I n  t h e  course  of a s p e c i a l  examination, 
a change i n  t h e  o l f a c t i o n  threshold  and t h e  sho r t en ing  of t i m e  r equ i r ed  t o  
produce a d a p t a t i o n  are de tec t ed .  

These d i s r u p t i o n  a re  manifested by p a t i e n t s '  
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c 2. The i n v e s t i g a t , , a s  conducted e s t a b l i s h  a c e n t r a l  mechanism f o r  t h e  
d i s r u p t i o n  of t h e  o l f a c t o r y  ana lyze r  a c t i v i t y  i n  people under c o n d i t i o n s  of 
i r r a d i a t i o n .  The 'na tu re  of changes i n  the s e n s i t i v i t y  of t h e  o l f a c t o r y  ana lyze r  
i s  a f f e c t e d  by i t s  f u n c t i o n a l  s t a t e  before r a d i a t i o n  i s  a p p l i e d .  
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